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Abstract 
The sonic pulse velocity method is used for preliminarily investigations on several 
masonry structures, characterized by different typologies (stone, clay bricks) and quality of 
materials (rubble, ashlars, regular, inhomogeneous combinations, etc..). In the paper, the 
elaboration of results of over ten different historical contexts and their possible comparisons 
allowed to qualify the related typologies on the basis of the elaborated sonic velocities. Both 
direct and indirect tests are taken into account, as well as tomographic evaluations, to clarify 
specific constructive aspects of typical historic masonry structures. Results are useful to 
provide materials specification in the subsequent assessment analyses, by calibrating 
structural models and in the phase of interventions choice and effectiveness evaluations.  
Résumé 
La méthode de la vitesse des impulsions soniques est utilisée pour la caractérisation 
préliminaire de maçonneries de différentes typologies (en pierre, briques) et qualité des 
matériaux. La recherche considère les résultats des essais conduits sur plus de dix différentes 
structures historiques. La comparaison des résultats permet de qualifier les différentes 
typologies analysées sur la base de l'élaboration des vitesses soniques. La méthodologie 
considère les mesures directe et indirecte, ainsi que des tomographies, pour essayer de 
préciser les aspects constructifs et historiques des structures de maçonnerie analysées. Les 
résultats proposés permettent une spécification des matériaux dans la phase d’évaluation 
structurelle, la calibration des modèles structurels, dans la phase de choix des interventions et 
pour évaluer leur efficacité.  
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1  Introduction  
In the field of application of NDT (Non-Destructive Tests) on existing masonry structures, 
sonic pulse velocity represents a valid experimental procedure, generally aimed at: i) 
evaluating the current consistency by identifying the presence of possible anomalies and 
defects in the thickness, ii) providing a base of quantitative comparison among diverse 
portions of masonry in the same conditions (e.g. before a consolidation intervention), or iii) 
of the same portion in different conditions (e.g. before and after injection) [1,2,3,4].  
The method turns out to be very helpful in a more complex diagnosis program, by 
identifying the areas where the presence of weaknesses are more probable, and therefore 
limiting the possible subsequent application of localized Minor-Destructive methods (as 
coring or flat-jacks) only to specific points of the structure, thus minimizing obtrusiveness 
and optimizing costs [5]. 
  
   NDTCE’09, Non-Destructive Testing in Civil Engineering   
  Nantes, France, June 30th – July 3rd, 2009   
 
 
Nevertheless, despite the reliability of direct comparison among velocities e.g. before/after 
intervention, the basic character of the results remains quite qualitative. Still nowadays, when 
masonry has become a renown subject of research, it seems very difficult to propose an 
absolute catalogue of masonry typologies where sonic velocities can be related to certain 
conditions of walls (consistency, damage), thus reducing confidence in the reliability of the 
method [2,3,6]. In the paper, a contribution to the analysis of several types of masonry 
subjected to sonic tests in various contexts is provided, in order to integrate the classification 
of properties related to measures through NDT. Both in-situ tests, performed on masonry 
belonging to buildings dated back from XIII to XVII century, and laboratory tests on masonry 
reproducing historic materials are considered. Direct and indirect sonic tests (i.e., 
transmission through the thickness or on the surface of the masonry, respectively), as well as 
the possible elaboration by means of thomography, when available, were adopted. 
2  Masonry and building typologies 
In the following, results obtained from sonic test are grouped and compared by 
considering four different building typologies, related to fourteen real case studies (mostly 
located in the North-Eastern part of Italy), and a category of physical models, built and tested 
in the laboratory of the University of Padova in the last decade. The five main categories are: 
a) towers, b) churches, c) palaces, d) town walls, e) experimental models. They are 
characterized by several types non-homogeneous masonry (twenty cases found, often having 
two or three leaves), grouped in three categories: i) brick masonry (B), ii) mixed masonry 
(brick-stone) (BS), iii) stone masonry (S). Table 1 shows the cases and the masonry 
associated at each category of building, including the type of sonic test available (D=direct, 
I=indirect, T=tomography). Fig. 1 shows the typical features of the materials considered in 
the study. 
Table 1.  Typologies of building, type of masonry, and cases study. 
Building 
typology  Case study  Masonry 
typology  General description  Thickness 
range (cm) 
Number and 
type of sonic 
tests executed 
Ref 
Tower of Vicenza 
(Italy)  B  Solid clay bricks (three 
header thickness)  129-150  2D, 1I, 4T  [7] 
Tromba Tower 
(Trento, Italy)  S  Ashlar   115-136  3D, 0I, 3T  [8] 
S. Zeno bell-tower 
(Verona, Italy)  S  Ashlar   160-185  3D, 0I, 3T  [8] 
Tower 
S. Giustina bell-
tower 
(Padova, Italy) 
B 
Three-leaf wall (outer 
layers: clay bricks, core: 
mixed masonry) 
140-186  0D, 5I, 1T  [9] 
S. Maria Assunta 
(Reggio Emilia, 
Italy) 
B-S  Single clay brick and 
stone masonry   74-180  0D, 11D, 2T  [10] 
Church 
S. Maria del 
Carmine (Padova, 
Italy) 
BS  Solid clay bricks with 
stone veneer  95  1D, 0I, 4T  [11] 
Altes Museum 
(Berlin, Germany)  S  Ashlar   130-171  2D, 1I, 1T  [12] 
Bottagisio Palace 
(Verona, Italy)  S-BS 
Irregular masonry 
(pebbles, stone and clay 
brick fragments) 
64-109  4D, 2I, 1T  [13] 
Palace 
Castel of Avio 
(Trento, Italy)  BS  Ashlar and clay brick 
masonry  53-145  4D, 1I, 2T  [14] 
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Castel of Pisece 
(Slovenia)  B  Regular solid clay brick 
masonry  80  2D, 2I, 4T  [15]   
Arsenale of 
Venice (Italy)  B-S 
Outer clay brick walls, 
internal columns in 
Istria stone 
114  0D, 1D, 1T  [16] 
Town walls of 
Cittadella (Padova, 
Italy) 
BS-S  Alternate courses of 
pebbles and clay bricks  220  2D, 0I, 2T  [17] 
Bank walls of Rio 
della Pietà 
(Venice, Italy) 
B-BS-S  Mixed clay bricks and 
Istria stones  75-100  1D, 3I, 2T  [18]  Town wall 
Bank walls of Rio 
S. Severo (Venice, 
Italy) 
B-BS  Mixed clay bricks and 
Istria stones  78-100  2D, 1I, 1T  [18] 
Experimen
tal model 
University of 
Padova (Italy)  S  10 three-leaf rubble 
stone masonry panels  50  24D, 8I, 67T  [19] 
 
 
a) 
 
b) 
 
c) 
Figure 1.  Types of masonry: a) brickwork, b) mixed brick-stone masonry, c) stonework. 
3  Comparison of results of direct tests 
Despite the quite large number of tests available, it seems reasonable to consider, in this 
first analysis, results from the application of direct sonic pulse velocity method, in order to 
have information on the compactness and, consequently, on the possible effectiveness of 
injection interventions. Therefore, comparison of data obtained from the different building 
and masonry typologies are proposed. Finally, results are also discussed by grouping test in 
terms of some ranges of variability of the thickness of the investigated masonry walls. 
3.1  Results in terms of building typologies  
The highest values of pulse velocity have been measured in the experimental panels (2180 
m/s), tested in laboratory, whereas the lowest one are related to the mixed masonry of the 
town wall of Cittadella (1354 m/s) (Fig. 2). All building typologies showed a quite similar 
trend, with velocity in the range of 1400-1600 m/s. Nevertheless, in the building categories, 
towers, churches and more important buildings (like palaces or similar) present higher values, 
confirming the probable influence of the better quality of workmanship, as asserted by 
previous studies [5]. It is worth to notice also that, due to the quite small thickness of the 
experimental models (50 cm), the velocities measured in laboratory could be affected by 
higher theoretical errors related to the technical limitation of the equipment (i.e., the scanning 
rate), thus reducing the reliability of these specific results. This is confirmed also by the 
standard deviation, which present the highest values for the experimental walls, as well as the 
thick walls of Cittadella (200 cm), thus proving the higher reliability of results obtained for 
the other three categories of buildings (towers, churches and palaces). 
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Figure 2.  Sonic test results for building typologies. 
3.2  Results in terms of masonry typologies 
The cases considered in the study include a large variety of masonry types; in particular, 
twelve tests have been performed on mixed masonry, all the rest (forty-nine) well distributed 
among brick or stone ones. The more regularity of brick walls influences the similar trend of 
the sonic velocities, especially for the church and palace categories (Fig. 3). Fig. 4 shows the 
comparison among velocities, detected before and after intervention (injection with natural 
lime – based grouts) [17,19], in the cases where results in the two conditions were available: 
except from few anomalies, the general improvement of compactness of masonry is 
registered, in particular for stonework, with medium-high increases of velocity. 
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Figure 3.  Sonic test results for masonry typologies. 
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Figure 4.  Masonry type: comparison of pulse velocity before and after intervention. 
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3.3  Results in terms of masonry thickness 
Four gross ranges of thickness, typical of the masonry walls types involved in the study 
have been considered: about 50 cm, 60-100 cm, 100-150 cm and about 200 cm. Except for 
the models built in laboratory, which present a mean value of about 2000 m/s, again with 
highest values of standard deviation, there is not a great influence of the wall thickness on the 
pulse velocity, as mean values concerning all the cases study are around 1450 m/s (Fig. 5). 
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Figure 5.  Sonic test results for range of wall thickness. 
4  Conclusions 
A contribution to the characterization of masonry walls by using sonic tests has been 
proposed. Depending on possible specific limitation of the instruments adopted for the 
experimental measures (both in situ and in laboratory), qualification of masonry seems quite 
reliable for high-medium thicknesses of walls (mean values of 100-150 cm), which normally 
characterize typologies of building in the historical heritage like towers, churches and palaces 
or castles. Moreover, the comparative analysis among velocities before and after injections 
maintains its high significance for all categories of masonry and building types. 
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